TO THE EDITOR
Myelodysplastic syndromes (MDS) are clonal haematopoietic stem cell disorders in which excessive apoptosis has been involved. It has been postulated that this phenomenon in MDS patients could help to explain the ineffectiveness of haematopoiesis and may contribute to the development of peripheral cytopenias, more frequently observed in early MDS. This increased intramedullary apoptosis has been demonstrated through different methodological approaches. However, discrepant results have been reported and, therefore, their clinical interpretation remains controversial. Among other factors, the cellular heterogeneity of bone marrow (BM) samples in MDS together with the use of different ex vivo methods to identify apoptotic cells may explain, at least in part, such discrepancies. On the other hand, precise information on the cell type undergoing apoptosis is frequently lacking since results usually refer to the whole sample cellularity. Finally, most recent studies have focused on BM CD34 þ cells, while few reports analyse the more mature BM CD34 À cells. 1 Taking all these variables into consideration, in the present study, we have used four-colour stainings analysed by flow cytometry in order to evaluate specifically the expression of early apoptosis-related proteins in the mature BM compartments of mature nucleated red cells, myelomonocytic cells and lymphocytes in a series of 31 MDS patients, and compared them with corresponding cell compartments from the normal BM of 12 healthy donors. The markers analysed included the APO2.7/7A6 antigen -a 38 kDa mitochondrial membrane protein specifically expressed at the early stages of apoptosis, which has been reported as a valuable marker for the evaluation of apoptosis 2 -together with the antiapoptotic bcl-2 and the proapoptotic bax proteins. To the best of our knowledge, this is the first report in which these apoptosis-related proteins are specifically analysed in mature BM cell populations of both lowand high-risk MDS patients.
BM samples from a total of 31 MDS patients were collected at diagnosis (FAB classification: RA: 33%; RARS: 19%; RAEB: 33%; RAEB-t: 11%; and chronic myelomonocytic leukaemia: 4%) and processed within the first 24 h. MDS patients were also subclassified from the prognostic point of view according to both the International Prognosis Scoring System (IPSS) and the Spanish Prognosis Scoring System (SpPSS). Of the 31 MDS patients, 21 (68%) were classified as 'low-risk' MDS (IPSSp1.5 and SpPSSp3) and 10 (32%) as ' high-risk' MDS (IPSS41.5 and SpPSS43).
Erythrocyte-lysed, freshly obtained BM samples were analysed using a four-colour immunofluorescence technique for the simultaneous staining of surface and cytoplasmic (cyt) antigens according to well-established methods previously described in detail. 3 The following combinations of fluorochrome-conjugated (fluorescein isothiocyanate/phycoerythrin (PE)/PE-cyanine 5/allophycocyanine) monoclonal antibodies (MAb) were used: cyt bcl-2/CD32/CD34/CD45; cyt bax/CD32/CD34/CD45; and CD32/ cyt APO2.7/CD34/CD45. Appropriate isotype-matched negative controls were stained in parallel, as described previously.
3 BM cells were acquired in a FACScalibur flow cytometer (Becton Dickinson Biosciences-BDB, San José, CA, USA), using the CellQuest software program (BDB) and the PAINT-A-GATE PRO software program (BDB) for subsequent analysis. In each BM sample, the following subpopulations of CD34 À haematopoietic cells were identified on the basis of their unique CD45 expression and sideward light scatter (SSC) properties: (1) ). For each of these cell subsets, quantitative expression of cyt bcl-2, cyt bax and cyt APO2.7 was evaluated by the mean relative fluorescence intensity (RFI) obtained. 3 The results revealed significant differences in the reactivity for the three proteins among the different cell subsets analysed (Table 1) Upon comparing the expression of these proteins in normal vs MDS BM cells, different reactivity patterns were observed for both the myelomonocytic and nucleated red cell compartments, but not for the lymphocytes (Table 1) . In this sense, with respect to the corresponding cell compartments from normal BM, an increased expression of APO2.7 was found in low-risk MDS (mean RFI7s.d. of 10.274.3 and 25.9713, vs 6.773.2 and 12.076.8, for myelomonocytic (P ¼ 0.007) and nucleated red cells (P ¼ 0.02), respectively), but not in high-risk cases (mean RFI7s.d. of 9.876.3 and 12.9710.9 vs 6.773.2 and 12.076.8 for the myelomonocytic and nucleated cells, respectively). Interestingly, the increased reactivity for the APO2.7 antigen observed in nucleated red cells from low-risk MDS patients as compared to normal BM was also associated with increased levels of bax (1.570.4 vs 0.970.2, P ¼ 0.001) and decreased bcl-2 expression 1 (1.370.3 vs 1.870.4, P ¼ 0.001). Once again, no statistically significant differences were observed in the expression of bcl-2 in BM nucleated red cells from high-risk MDS patients vs normal BM. However, bax expression by nucleated red cells was increased over normal values (1.570.7 vs 0.970.2, P ¼ 0.02) in this group.
As regards the expression of both bcl-2 and bax in BM lymphocytes and myelomonocytic cells, no statistically significant differences were found between MDS and normal individuals.
Our results suggest that, compared with normal BM, expression of APO2.7, bcl-2 and bax in MDS may vary depending on the specific cellular compartment studied as well as on the type of MDS (low-vs high-risk cases). Accordingly, nucleated red cells from low-risk MDS patients would constitute the cell compartment most prone to apoptosis, since it shows increased levels of both APO2.7 and bax, in the context of an abnormally low bcl-2 expression. In the present study, myelomonocytic cells from low-risk MDS also displayed increased reactivity for APO2.7. However, in contrast to nucleated red cells, they showed normal expression of both bcl-2 and bax. In turn, in high-risk MDS patients, expression of these three apoptosisrelated proteins was not significantly different from that of normal BM, except for a significantly higher expression of bax observed in the nucleated red blood cell compartment. None of these proteins was abnormally expressed within the mature lymphoid cell compartment in either low-or high-risk MDS patients. Overall, these results are in line with previous observations indicating occurrence of apoptotic cell death in BM CD34
À cells from early MDS patients. 1 Although in most of these studies specific identification of the cells undergoing apoptosis was not carried out, several groups 1 have reported that this process predominates in the red cell compartment. Similarly, van de Loosdrecht et al 4 have recently found an inverse relationship between the degree of apoptosis of erythroblasts evaluated at the ultrastructural level and the stage of the disease in MDS; simultaneously, they show a significant increase in mitochondrial abnormalities, which could represent an additional alteration involved in ineffective erythropoiesis in MDS patients in the more advanced stages of the disease, and could help to explain the lower apoptotic rate observed in highrisk MDS patients. In contrast with our results and those previously mentioned, other groups have either reported the existence of more prominent apoptotic features in MDS patients with more advanced disease involving myelomonocytic, erythroid and megakaryocytic, but not lymphoid cells 5 or failed to find any significant differences between RAEB-t and other categories of MDS. 6 Deregulation of the expression of apoptosis-associated proteins of the bcl-2 family has been demonstrated in different malignancies, including myeloid disorders. 1 In MDS, the patterns of expression of apoptosis-related proteins differs significantly between the FAB subgroups. Accordingly, it has been postulated that progression of MDS is accompanied by an increased expression of bcl-2 and a decreased ratio between the expression of proapoptotic and antiapoptotic proteins of the bcl-2 family. 1 However, these findings have not been fully confirmed and they are almost entirely restricted to BM CD34 þ cells. Expression of an apoptotic phenotype by nucleated red cells from low-risk MDS and, to a lesser extent, also from high-risk MDS cases, would support the existence of an ineffective erythropoiesis in these patients, in line with the clinical behaviour of the disease.
As regards myelomonocytic cells, our results show a higher reactivity for APO2.7 in low-risk MDS as compared to normal BM. In contrast, myelomonocytic cells from low-risk MDS showed normal expression of both bcl-2 and bax. APO2.7/7A6 is a mitochondrial membrane protein expressed during the early stages of apoptosis in relation to the release of cytochrome c outside the mitochondria. Previous studies suggest that an increase in APO2.7 expression does not suggest apoptosis since Table 1 RFI of expression of the cyt APO2.7, bcl-2 and bax apoptosis-related proteins in different subsets of BM haematopoietic cells from both low-risk MDS (n ¼ 21) and high-risk MDS (n ¼ 10) patients as compared to normal BM (n ¼ 12) it could be prevented if bcl-2 or bcl-xL are overexpressed. 7 Although bcl-xL expression was not evaluated in the present study, bcl-2 levels were normal, supporting the notion that in low-risk MDS an increased expression of APO2.7 by BM myelomonocytic cells could reflect a proapoptotic phenotype. This would be in line with the hypothesis that the cytochrome c-mediated apoptosis pathway could be involved in the excessive apoptosis of MDS patients, 8 and at the same time indicates that APO2.7 could represent a useful marker to evaluate susceptibility of BM myelomonocytic cells to apoptosis.
In summary, our results indicate that in MDS, and particularly in low-risk MDS, CD34
À nucleated red cells and, to a lesser extent, myelomonocytic cells, but not mature lymphocytes, display a proapoptotic phenotype, which probably reflects a greater susceptibility to apoptosis in these BM cells, which is consistent with the clinical behaviour of the disease. 
